Introduction
Use of gastric bypass surgery for weight control has been increasingly popular among the young, childbearing population. 1 Thus, more children are being born to mothers who have undergone gastric bypass. Although the effects of nutritional deficiencies following gastric bypass on the patients have been well established, the effects on the children born to these mothers have not been well documented. 2 In this article, we present a child who has suffered long-term neurological sequelae from vitamin B12 (B12) deficiency associated with maternal gastric bypass surgery and emphasize the importance of early intervention.
Case At 4 months of age, the infant presented with progressive pallor, decreased activity, shaking movements, decreased weight gain and not smiling-as-usual during the month before admission. On physical examination, the infant appeared pale but awake, and in no acute distress with normal vital signs. His height and weight were below the fifth percentile and head circumference was between the fifth and tenth percentile for age. He looked malnourished, and showed generalized hypotonia with decreased alertness and poor sucking without organomegaly or physical malformations.
The birth history was unremarkable, with a full-term vaginal delivery, a birth weight of 3400 g and Apgar scores of 9 and 9 at 1 and 5 min, respectively. The infant had started holding his head up at 3 months of age and until recently was showing interactive smile. He was exclusively breastfed.
A computed tomography scan of the head showed signs of cortical and subcortical atrophy. Laboratory evaluations were notable for pancytopenia with macrocytosis, a bone marrow with marked megaloblastic changes and repeatedly negative blood cultures (Table 1) . Intrinsic factor (IF) antibody was positive a week after institution of B12 therapy, but became undetectable 6 months later.
At the time of the infant's evaluation, the infant's mother's B12 level was also assessed. Her level, which was never evaluated before this event, was found to be low (84 pg ml À1 ). Her IF antibody was negative. With repeated parenteral B12 therapy, her B12 deficiency was resolved.
The mother's medical history revealed gastric bypass surgery for morbid obesity 6 years earlier and she had delivered two other children since then. These children were born 1 and 2 years after the gastric bypass surgery and both were exclusively breastfed with oral multivitamin supplementation during the first year of life. They are reportedly healthy with current ages 3 and 5 years. She was on a calorie-restricted well-balanced diet with oral multivitamins during all of her pregnancies, but did not take multivitamins between pregnancies.
The infant received packed red blood cell transfusions, antibiotics and parenteral B12. Breastfeeding was continued.
He developed aspiration pneumonia in the hospital, which later resolved. His pancytopenia was corrected and weight gain was re-established. He was discharged home on parenteral B12 administration on hospital day 14. During follow-up visits, the frequency of his B12 injections was changed to maintain normal to above normal B12 levels. Parenteral B12 administration was discontinued at 12 months of age. At the time of this report, the child is 16 months old with normal hematological parameters and normal physical development. His gross motor development is at a 6-month level and his language development is at a 3-month level on the Denver developmental scale.
Discussion
In the B12 absorption pathway, B12 is a protein bound in the food and released by the acid environment and pepsin in the stomach. R-binder proteins from the saliva and gastric juice transport free B12 to the proximal small intestines, where B12 is rapidly transferred to IF to form a complex. The B12-IF complex binds to specific receptors in the distal ileum and is absorbed. In Roux-en-Y gastric bypass surgery, the duodenum and proximal jejunum are bypassed and the jejunum is anastomosed to the proximal gastric pouch. This disrupts essential steps in the B12 absorption pathway.
The most common cause of B12 deficiency in infants is dietary deficiency in the mother, commonly caused by self-imposed dietary restrictions such as vegan diet without supplementation. The prevalence of B12 deficiency after gastric bypass is reported to be as high as 64%, 36 months after the surgery, making it a significant cause of nutritional B12 deficiency in this population. 3, 4 Development of B12 deficiency is slow and progressive, owing to the slow depletion of B12 stores. Pernicious anemia associated with IF antibody is extremely rare in children. Negative IF antibody in the mother's serum suggests that she did not have an undiagnosed pernicious anemia. Positive IF antibody in the infant's serum became negative after the restoration of B12 levels, suggesting false-positivity secondary to high free B12 levels as the initial sample was obtained after parenteral B12 therapy was initiated.
5
B12 is required for methylation reactions in various metabolic pathways, especially in DNA synthesis. B12 deficiency leads to pathological changes in all rapidly dividing cells, such as hematopoietic stem cells and cells of the gastroenteric mucosa. 6 In our patient, this was evident with pancytopenia and malnutrition. Our patient also showed classical neurological symptoms of B12 deficiency: irritability, failure to thrive, apathy, anorexia and developmental regression. 7 Causes of the neurological symptoms in B12 deficiency are not fully understood, but may be dramatic and long-lasting. The hematological response and physical recovery were prompt in this infant upon correction of the B12 deficiency. However, his neurological recovery was much slower. His gross motor function improved faster than his cognitive functions, but remained significantly delayed, consistent with earlier literature, suggesting a lag in neurological recovery. 8 The long-term prognosis depends on the duration of the deficiency and the severity of symptoms. 6, 9 In our case, the early presentation and severity of the symptoms indicate significant intrauterine and postnatal B12 deficiency. This is the first report of long-term neurological deficits caused by severe B12 deficiency after maternal gastric bypass surgery. Studies are required to determine the prevalence of neurological sequelae in children of mothers with a history of gastric bypass surgery. Our case illustrates that neurological deficits may persist even after correction of B12 deficiency. Infants, who are treated for B12 deficiency, are often not followed-up long enough after the resolution of acute symptoms, and this may lead to an underestimation of long-term neurological consequences. Our report also confirms that B12 deficiency may not be adequately prevented or corrected with oral supplementation alone in women with gastric bypass, and parenteral correction should be considered early in these cases.
It is essential that patients are properly counseled and monitored for B12 deficiency. Long-term postoperative follow-up is necessary and primary care physicians should be educated regarding the risk of nutritional deficiencies after gastric bypass surgery. Nutritional deficiencies should be corrected, preferably before conception for the proper development of the central nervous system in the fetus and infants of these women. Prophylactic parenteral supplemental B12 should be considered in infants of mothers with a history of gastric bypass surgery. 
